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ABSTRACT 

The instantaneous impact point (IIP) corresponding to 

a given set of thrust cut-off conditions is analyzed. 

solutions are obtained for various impact parameters. Several 

graphical solutions are formulated for the purpose of generating 

such information for mission planning purposes. 

graph paper with trigonometric scales is introduced. 
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SUBJECT: I n s t a n t a n e o u s  Impact P o i n t  DATE: July 13, 1966 
A n a l y s i s  - Case 218 

FROM: R .  Y. P e i  

MEMORANDUM FOR FILE 

P r e d i c t i o n  o f  t h e  f l i g h t  p r o f i l e  of a m i s s i o n  i n  c a s e  of 
t h r u s t  f a i l u r e  p r i o r  t o  a t t a i n m e n t  o f  o r b i t a l  speed i s  o f  impor- 
t a n c e  t o  r a n g e  s a f e t y  c o n s i d e r a t i o n s .  M i s s i o n  p l a n n e r s  r e q u i r e  
s u c h  i n f o r m a t i o n  as t h e  l o c i  of s u b - v e h i c u l a r  p o i n t s  (Ground T r a c k )  
as w e l l  as t h e  i n s t a n t a n e o u s  impact  p o i n t  ( T I P  T r a c e )  

When t h e  t r a j e c t o r y  o f  a proposed  m i s s i o n  i s  a c t u a l l y  
s i m u l a t e d  on a computer ,*  i t  i s  f eas ib l e  t o  i n c o r p o r a t e  a r o u t i n e  
t h a t  w i l l  y i e l d  t h e  i n s t a n t a n e o u s  impact  p o i n t  r e s u l t i n g  from t h e  
p r e m a t u r e  t e r m i n a t i o n  o f  t h r u s t  a t  a g i v e n  p o i n t  d u r i n g  a powered 
phase o f  t h e  f l i g h t .  On t h e  o t h e r  hand,  i f  a p a r a m e t r i c  s t u d y  i s  
t o  b e  conducted  i n  o r d e r  t o  e s t a b l i s h  some g u i d e l i n e s  i n  t r a d e o f f s  
between per formance  and range  s a fe ty ,  i t  would b e  d e s i r a b l e  t o  
g e n e r a t e  such  i n f o r m a t i o n  q u i c k l y  w i t h o u t  h a v i n g  t o  r e s o r t  t o  t h e  
computer .  

The pu rpose  o f  t h i s  p a p e r  i s  t o  p r e s e n t  g r a p h i c a l  data  
based on  a n a l y t i c a l  fo rmulae  d e r i v e d  f o r  t h i s  pu rpose  and to 
s u g g e s t  a few examples where such  data  may be  used  w i t h  a d v a n t a g e .  
A b a l l i s t i c  model has been used f o r  s i m p l i c i t y  and t h e  e f f e c t  o f  
e a r t h ' s  r o t a t i o n  has been  n e g l e c t e d .  

The r a n g e  a n g l e ,  i . e . ,  t h e  g e o - c e n t r a l  a n g l e  sub tended  
by t he  v e h i c l e  p o s i t i o n  v e c t o r s  a t  c u t - o f f  and impact  r e s p e c t i v e l y ,  
i s  g i v e n  by t h e  f o l l o w i n g : * *  

where 

A0 = Range Angle 

2 5 = v 2  c o s  y 

*For  example,  t h e  Bellcomm Apol lo  S i m u l a t i o n  Program ( A S P ) .  

**Formulae used  i n  t h i s  paper  are d e r i v e d  i n  t h e  Appendix.  
D e f i n i t i o n s  of' terms a r e  grouped under  s e c t i o n  zntitled 
"Nomenclature" a t  the end o f  p a p e r .  
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2 n = 2 - v  

- 2 -  

w = energy  i n d e x  

- - c u t - o f f  v e l o c i t y  
c i r c u l a r  v e l o c i t y  a t  c u t - o f f  a l t i t u d e  

y = f l i g h t  p a t h  a n g l e  r e l a t i v e  t o  l o c a l  h o r i z o n .  

I n  o r d e r  t o  app ly  E q u a t i o n  (11, t h e  v a r i a b l e s  5 ,  T-I are  computed 
a t  c u t - o f f  p o i n t ,  u s i n g  t h e  c u t - o f f  v e l o c i t y ,  a l t i t u d e  and f l i g h t  
p a t h  a n g l e .  The v a l u e s  of t h e s e  same v a r i a b l e s  a t  t h e  p o i n t  of  
impact  a re  computed d i r e c t l y  from t h e  f o l l o w i n g  r e l a t i o n s h i p s :  

- s i  - %o 

- 1 
- p %o 

where t h e  s u b s c r i p t s  i and c o  d e n o t e  impact  and c u t - o f f  
r e s p e c t i v e l y ,  and 

r co  p = -  

roo 

r b e i n g  t h e  magnitude o f  t h e  p o s i t i o n  v e c t o r .  

By v i r t u e  o f  L a m b e r t ' s  theorem,  t h e  impact  t i m e  nor-  
m a l i z e d  w i t h  r e s p e c t  t o  t h e  c i r c u l a r  p e r i o d  a t  c u t - o f f  a l t i t u d e  
i s  g i v e n  by t h e  f o l l o w i n g  approx ima t ion :  

[ ( a  - s i n a )  - ( B  - s i n g ) ]  Tco T l  3/2 
t -  1 2 l T - - -  

where 

= c i r c u l a r  p e r i o d  a t  c u t - o f f  a l t i t u d e  
T I X I  

(4) 

( 5 )  

( 7 )  
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The a p p r o x i m a t i o n  i s  v a l i d  when t h e  c u t - o f f  a l t i t u d e  above ground 
i s  small as compared t o  t h e  magnitude o f  t h e  p o s i t i o n  v e c t o r .  The 
e f f e c t  of a f i n i t e  a l t i t u d e  a t  c u t - o f f  may b e  accoun ted  f o r  w i t h  a 
c o r r e c t i o n  i n  t h e  v a l u e s  o f  t h e  v a r i a b l e s  TI and A0 as f o l l o w s :  

1 
2 

' L -  - 

where 
5 0  - roo 

E =  r 
00 

The l a t i t u d e  and l o n g i t u d e  o f  t h e  i n s t a n t a n e o u s  impact  
p o i n t  are r e l a t e d  t o  t h o s e  of t h e  s u b - v e h i c u l a r  p o i n t  a t  c u t - o f f  
by  t h e  f o l l o w i n g  fo rmulae :  

s i n  Li = s i n  Lco cos(A0)  + c o s  Lco s i n ( A e )  c o s  B c o  

s i n ( A 8 )  s i n  B c o  
s i n  ( x ~ - A  ) =  co  c o s  Li 

where 

L = l a t i t u d e  

h = l o n g i t u d e  

B = a z i m u t h a l  a n g l e  

and A 0  and t h e  s u b s c r i p t s  i and co  r e t a i n  t h e i r  d e f i n i t i o n s  as 
b e f o r e .  D e r i v a t i o n s  of t h e  above formulae  are  i n c l u d e d  i n  t h e  
Appendix. 
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Method of Solution 

In this paper, graphical solutions are proposed for the 
problems formulated above. These solutions have been devised for 
the purpose of obtaining answers rapidly and with an accuracy use- 
ful for mission planning purposes. 

1. Solution to the Range Angle Problem - Cnrlsider the de- 
nominator in the argument of the inverse cosine function 
in Equation (1). It is obvious from Equations (4) and 
(5) that this quantity remains constant f o r  both the 
cut-off and the impact points. 
polar coordinates, an arc is drawn with radius equal to 

Along any radius, mark off quantities equal to 
(5-1) and ( p 5 - 1 )  respectively, from the origin and draw 
straight lines at these points perpendicular to the 
radius chosen, intersecting the arc at two points. 
joining the origin to these points enclose the range 
angle. 

On a graph paper with 

. 

Radii 

As an example, the following is given: 

V = 0 .7  co 

= 2 0 0  yco 

p = 1.1 

We obtain: 

5 = 0.615 

rl = 1 . 3  

= 0.447 

The proposed graphical solution is shown in Figure 5 
and the range angle is obtained to be 13'. Note that 
in accordance with the sign of the quantities ( 5 - 1 )  
and ( p s - l ) ,  the radius corresponding to B=IT has been 
chosen. In this manner, the solution yields not only 
the range angle, but also the true anomalies. When p 
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2 .  

i s  n e a r  u n i t y ,  t h a t  i s  when t h e  a l t i t u d e  a t  cu t -o f f  
i s  e x c e e d i n g l y  s m a l l ,  i t  w i l l  be d i f f i c u l t  t o  r e a l i z e  
a s a t i s f a c t o r y  r e s o l u t i o n  between t h e  q u a n t i t i e s  (6-1) 
and ( p c - 1 )  i n  a conven ien t  g r a p h i c a l  s o l u t i o n .  I n  
t h i s  c a s e ,  t h e  w e l l  known s i m p l i f i e d  s o l u t i o n  c o r r e -  
spond ing  t o  a f l a t  ear th  s h o u l d  pe rhaps  s u f f i c e .  

S o l u t i o n  t o  t h e  Impact T i m e  Problem - Equa t ions  ( 8 )  
and ( 9 )  y i e l d  t h e  f o l l o w i n g  e x p r e s s i o n s :  

q = s i n 2  i t s i n 2  
s i n  2 a  7 - s i n 2  

s i n 2  t s i n 2  $ 
he 2 s i n  - = 

Consequent ly  if sin: and s i n T  B are  chosen  as c o o r d i n a t e s ,  

Equa t ion  (14) is t h a t  f o r  a c i r c l e  o f  r a d i u s  4: w h i l e  
Equa t ion  (15) r e p r e s e n t s  famil ies  o f  s t r a i g h t  l i n e s  i n  
t h e  r ea l  p l a n e  wi th  s l o p e s  o f  

1 - s i n ( A e / 2 )  
n ( a e / 2 )  ' 

F o r  TI > a > B > 0 ,  o n l y  t h e  p o s i t i v e  q u a d r a n t  i s  chosen .  
Thus,  Eo a-set-of  v a l u e s  of  n and h e ,  t h e r e  co r re spond  a 
c i r c l e  and a s t r a i g h t  l i n e .  T h e i r  i n t e r s e c t i o n  d e t e r m i n e s  

i s  o b t a i n e d  r e a d i l y  w i t h  t h e  a i d  o f  l i n e a r  s c a l e  and a 
s i n e  s c a l e .  This i s  i l l u s t r a t e d  i n  F i g u r e  6 .  The r e a d i n g s  
on t h e  a b s c i s s a  are doub led  and t r a n s f e r r e d  t o  t h e  
sGales f o r  t h e  s o l u t i o n  t o  t h e  impact  time 
problem. 

t h e  v a l u e s  o f  sin: and s i n  7. B S o l u t i o n  t o  Equa t ion  ( 7 )  

S o l u t i o n  (1) and ( 2 )  r e n d e r  i t  des i r ab le  t o  work 
w i t h  t h e  v a r i a b l e s  5 and rl i n t r o d u c e d  i n  t h i s  p a p e r .  

3. S o l u t i o n  t o  t h e  IIP Problem - The purpose  o f  t h e  c o n s t r u c -  
t i o n s  shown i n  F i g u r e s  2 , 3 ,  and 4 i s  t h r e e  f o l d ,  v i z :  
( i )  t o  d e t e r m i n e  t h e  i n s t a n t a n e o u s  impact  p o i n t  f o r  a s e t  
o f  c u t - o f f  c o n d i t i o n s ,  (ii) t o  s t u d  t h e  e f f e c t  o f  a yaw 

o f  a Tr igonomet r i c  Paper to s o l v e  t r a n s c e n d e n t a l  e q u a t i o n s .  
E q u a t i o n  ( 1 2 )  shows t h a t  i f  t h e  a b s c i s s a  and o r d i n a t e  a re  
s c a l e d  a c c o r d i n g  to t h e  c o s i n e  and s i n e  f u n c t i o n s  r e s p e c -  
t i v e l y ,  t h e n  f o r  a g i v e n  set  of cu t -o f f  c o n d i t i o n s ,  v i z :  
( i) t h e  l a t i t u d e  of t h e  cu t -o f f  p o i n t  and (ii) t h e  r a n g e  
a n g l e  as o b t a i n e d  above ,  t h e n  t h e  e q u a t i o n  f o r  t h e  impact  
p o i n t  i s  a s t r a i g h t  l i n e  i n  terms of t h e  a z i m u t h a l  a n g l e .  

program on t h e  I I P  t r a c e  and (iii) t o i n t r o d u c e  t h e  u s e  
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T h i s  l i n e  i s  eas i ly  de te rmined  by c o n s i d e r i n g  t h e  v a l u e  
of Li for B c o = O  and B ~ ~ = ~ T  r e s p e c t i v e l y .  

s i n  Li = s i n ( L c o - ~ e )  for B c 0 = n  

I n  o r d e r  t o  s t u d y  t h e  l o n g i t u d e  of  t h e  impact  p o i n t ,  w e  
n o t e  t ha t  E q u a t i o n  ( 1 3 )  may be w r i t t e n  a s :  

s i n 2  A8 + s i n  2 Li = 1 
2 

K 

where 
s i n ( A  - A  ) 

s i n  B c o  
i co 

K =  

E q u a t i o n  ( 1 6 )  i s  t h a t  o f  a n  e l l i p s e ,  wh i l e  E q u a t i o n  (17) 
i s  a s t r a i g h t  l i n e .  These are  p l o t t e d  i n  F i g u r e  3 for 
v a r i o u s  v a l u e s  o f  K .  The impact  p o i n t  l o n g i t u d e  may 
t h u s  be q u i c k l y  de te rmined  by e n t e r i n g  F i g u r e  3 w i t h  t h e  
r a n g e  a n g l e  and t h e  impact  l a t i t u d e  de t e rmined  e a r l i e r  
and l o c a t i n g  t h e  e l l i p s e  on which t h i s  p o i n t  l i e s .  T h e  
K - v a l u e  of t h e  e l l i p s e  i s  t h e n  used  t o  l o c a t e  t h e  
s t r a i g h t  l i n e  which shows t h e  dependence o f  t h e  impact  
l o n g i t u d e  on a yaw program. F i g u r e  4 shows two such  
c a s e s .  

1011 -RYP-gdn 

Attachment  
Appendix 
F i g u r e  1 - 6 

Copy t o  (See  n e x t  page )  
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Nomenclature 

a 

C 

e 

L 

r 

S 

t 

I 

V 

ci 

Semi-major a x i s  of e l l i p s e  

Chord j o i n i n g  two p o i n t s  on e l l i p s e  

E c c e n t r i c i t y  

L a t i t u d e  

F o c a l  r a d i u s  

Semi-per imeter  d e f i n e d  i n  E q .  (A-12 ) 

T i m e  e l a p s e d  between two p o i n t s  on e l l i p s e  

P e r i o d  

V e l o c i t y  

V a r i a b l e  d e f i n e d  i n  Eq. (A-12 ) 

1 

I 

1 

B Variable d e f i n e d  i n  Eq. (A-12 ) 

Y F l i g h t  p a t h  ang le  

E E r r o r  

n V a r i a b l e  d e f i n e d  i n  Eq. (3) 

e 

K 

True  anomaly 

Parameter d e f i n e d  i n  Eq. ( 1 7 )  

h Longi tude  

v G r a v i t a t i o n a l  c o n s t a n t  

V Energy index  d e f i n e d  i n  Eq. (A-3) 

5 V a r i a b l e  d e f i n e d  i n  Eq. (2) 

P R a t i o  of f o c a l  r a d i i  d e f i n e d  i n  Eq. ( 6 )  

S u b s c r i p t s :  co  : Cut-off 
i : Impact 

00 : Used t o  d e s i g n a t e  ave rage  e a r t h  r a d i u s .  
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APPENDIX 

1. Impact  Range Angle - A f t e r  c u t - o f f  t h e  v e h i c l e  i s  assumed t o  
f o l l o w  a n  e l l i p t i c  t r a j e c t o r y ,  t h u s  n e g l e c t i n g  t h e  e f f e c t  of 

it a t m o s p h e r i c  drag.  The magnitude o f  v e i o c i t y  is: 

The f l i g h t  p a t h  a n g l e  i s :  

c o s  y = Gz-7 
r v  ( A - 2 )  

2 
S o l v i n g  f o r  e between ( A - 1 )  and ( A - 2 )  and l e t t i n g  v 2  = - 
one o b t a i n s  

V 
v h  ' 

( A - 3  1 e -  - d - L - - - x 2 )  c o s  2 y *--" 

The t r u e  anomaly i s  g i v e n  by :  
2 a ( 1 - e  ) - r 
e r  c o s  e = 

N o t i n g  E q u a t i o n s  ( A - 2 )  and ( A - 3 ) ,  ( A - 4 )  may be w r i t t e n  as :  

c o s  8 = - 
2 v 2  c o s  y - 1 

d1 - ( 2 - v 2 ) v 2  c o s  2 '  y 

( A - 4 )  

( A - 5 )  

where 
2 5 = v 2  c o s  y 

2 q = 2 - v  

From E q u a t i o n  ( A - 1 1 ,  i t  f o l l o w s  t h a t  t h e  ene rgy  index  2 v may v a r y  between 0 and 2 .  The impact  r a n g e  a n g l e  may be 
e v a l u a t e d  from E q u a t i o n  (A-5) by computing t h e  v a l u e s  of  5 and r l ,  
and c o n s e q u e n t l y  t h e  t r u e  anomal i e s  a t  c u t - o f f  and impact  and 
t a k i n g  t h e  d i f f e r e n c e .  These a re  known a t  t h e  cu t -o f f  p o i n t .  A t  
t h e  impact  p o i n t ,  i t  i s  r equ i r ed  tha t  t h e  r a d i u s  v e c t o r  e q u a l s  t h e  
e a r t h ' s  r a d i u s  roo. Thus,  

*See Sec .  4 f o r  a d i s c u s s i o n  of t h i s  e f f e c t ,  
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S u b t r a c t i n g  from i t  t h e  v e l o c i t y  squa red  a t  c u t - o f f  p o i n t ,  

5 0  l l  
= vco 2 + 2 p ( T  1 - - v 

00 
i 

It f o l l o w s ,  t h e r e f o r e ,  t h a t  

2 
c o  r co vi = v  

( A - 7 )  

( A - 8 )  

and ,  

where 
r co  

p = -  
roo 

From E q u a t i o n  ( A - 2 1 ,  it f o l l o w s  t h a t  

2 2 2 
r v  c o s  y = a (1 -e  ) (A-9) 

S i n c e  t h e  r i g h t  hand s i d e  i s  c o n s t a n t  f o r  a g i v e n  e l l i p s e ,  one 
may w r i t e  

( A - 1 0 )  - si  - PS,, 

2 .  T i m e  o f  Impact - L e t  t h e  impact  r a n g e  a n g l e  e v a l u a t e d  w i t h  
t h e  h e l p  of  E q u a t i o n s  ( A - 5 1 ,  ( A - 8 1 ,  and (A-10) be deno ted  by A 8 .  
The l e n g t h  of  t h e  chord  j o i n i n g  t h e  c u t - o f f  and t h e  impact  p o i n t s  
i s  t h e n  

Applying Lamber t ' s  Theorem, t h e  t i m e  i n t e r v a l  between c u t - o f f  and 
impact  i s  g i v e n  by: 

( A - 1 2 )  3 d i t  =P[ ( a  - s i n  a >  - ( 6  - s i n  6 )  
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2 s  = r + rco + c  
0 0  

a = r / n  

S u b s t i t u t i n g  E q u a t i o n  ( A - 1 1 )  f o r  t h e  v a l u e  of  c ,  

? 

( A - 1 2  ) 

( A - 1 3 )  

(A-14 ) 

When t h e  a l t i t u d e  a t  c u t - o f f  i s  n e g l e c t e d ,  p becomes u n i t y  and 
E q u a t i o n s  (A-13) and ( A - 1 4 )  s i m p l i f y  t o :  

2a % 2 (1 + s i n  - Y )  S - 

A 0  - % (1 - s i n  s-c 

I 2a 2 

( A - 1 5 )  

(A-16) 

I n  o r d e r  t o  a c c o u n t  f o r  t h e  e f f e c t  o f  t h e  a l t i t u d e ,  t h e  v a l u e s  
f rom q c o  and A 0  must be c o r r e c t e d .  L e t  6 q c o  and 6 ( A 0 >  b e  such  
c o r r e c t i o n s .  Then E q u a t i o n  (A-13) t h r o u g h  ( A - 1 6 )  demand, 



J 
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2 s A e )  I = 
1 - s i n  Qco & Q C O  1 

I 2 

(A-18) 

S o l v i n g  for (11 

of t hese  v a r i a b l e s  become 
t 6 A c o )  and ( A 6  + 6 ( A e ) ) ,  t h e  c o r r e c t e d  v a l u e s  co 

(A-20) 

The no rma l i zed  impact  time i s  o b t a i n e d  from E q u a t i o n  (A-12)  as  
follows: 

1 ( a  - s i n  a )  - ( 6  - s i n  B )  
3 / 2  

2 lT- - -  t -  (A-21)  

It i s  t o  be n o t e d  t ha t  i f  t h e  c o r r e c t e d  v a l u e s  i n  Equa t ion  (A-19)  
and (A-20) a r e  t o  be  used  f o r  Q and A e ,  t h e n  t h e  impact  t i m e  
computed a c c o r d i n g  t o  Equa t ion  ( A - 2 1 )  must be  m u l t i p l i e d  by 

A s  a f u r t h e r  s i m p l i f i c a t i o n ,  if t h e  a l t i t u d e  i s  small 
s u c h  t h a t  p may be  r e p l a c e d  by ( 1+~)  , t h e n  a f i r s t  o r d e r  
a p p r o x i m a t i o n  y i e l d s ,  

1 
6 Q c o  % - - 2 E n  

(A-22)  

(A-23 % 0 
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f o r  small A 8  w h i l e  t h e  r e s u l t a n t  impact  t i m e  from Equa t ion  (A-21) 

t h e n  E q u a t i o n  (A-23) must be m o d i f i e d  by t a k i n g  second o r d e r  terms 
i n t o  a c c o u n t :  

w i l l  have t o  be m u l t i p l i e d  by (1 - '4 3 E ] .  I n  c a s e  A8 a p p r o a c h e s  TI, 

(A-24) 1 2  A8 S ( A 8 )  % - E t a n  - 2 

3. I n s t a n t a n e o u s  Impact P o i n t  - The p o s i t i o n  of t h e  i n s t a n t a n e o u s  
impact  p o i n t  i s  de te rmined  by s o l v i n g  t h e  s p h e r i c a l  t r i a n g l e  i n  
F i g u r e  1. Thus,  

s i n  L i = s i n  Lco cos(A8) + c o s  Lco s i n ( A 0 )  c o s  B c o  (A-25) 

where B c o  i s  t h e  a z i m u t h a l  a n g l e  a t  c u t - o f f .  
s i n e s  y i e l d s ,  

Also ,  t h e  law o f  

c o s  Li - s i n ( A 8 )  - 
c o s  Lco - - 

co  s i n  B i  s i n (  A ~ - A  c o )  s i n  B 

S o l v i n g  f o r  sin(Ai-Aco),  t h e  f o l l o w i n g  i s  o b t a i n e d ,  

s i n  ( A B )  s i n  B c o  
sin(Ai-A ) = c o s  Li co  

(A-26) 

(A-27 1 

where Li has been de te rmined  by  E q u a t i o n  ( A - 2 6 ) .  

4 .  E f f e c t  o f  Atmospheric  Drag - The a tmosphe r i c  d r a g  w i l l  r educe  
t h e  Impact Range Angle by an amount depending  on t h e  v e h i c l e  b a l l i s -  
t i c  number, a t m o s p h e r i c  d a t a  and c u t - o f f  c o n d i t i o n s .  T h i s  r e d u c t i o n  
has been  e s t i m a t e d  by  comparing t h e  b a l l i s t i c  r e s u l t s  of  t h e  g i v e n  
method t o  t h o s e  of  i n t e g r a t e d  t r a j e c t o r i e s  u s i n g  t h e  I C A O  a t m o s p h e r i c  
d a t a  and a b a l l i s t i c  number o f  0 . 3 2  f t / s l u g .  The energy  i n d e x  used  
r a n g e  from v = 0 . 7  t o  v=O.g5 w i t h  f l i g h t  p a t h  a n g l e s  o f  Oo, 5' and l o o  
r e s p e c t i v e l y .  The comparison shows tha t  t h e  b a l l i s t i c  r e s u l t  ove r -  
es t imates  t h e  r a n g e  a n g l e  by a p p r o x i m a t e l y  10 n.m. o r  5% (v=0.7, 
y = l O o )  t o  200  n.m. o r  20% (v=O.g, y=Oo) .  These d e v i a t i o n s  may b e  
compared w i t h  t h e  r a n g e  of a s t a n d a r d  l a n d i n g  zone. 
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FIGURE I 
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Azimuthal Angle A t  Cut-Off ( f l  c o )  

Bc0 = Azimuthal Angle Before Yaw + Yaw Angle 

FIGURE 2 - EFFECT OF YAW ON I I P LATITUDES 
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FIGURE 3 - EFFECT OF YAW ON I I P  LONGITUDES 
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FIQURE 4 - EFFECT OF YAW ON I I P  LOWBITUDES 
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FIGURE 5 - SOLUTION TO RANGE ANGLE PROBLEM 
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FIGURE 6 - SOLUTION TO IMPACT TIME PROBLEM 


